Classification of Industries respective sectors in physical term. Most of sectors in the matrix could be familiar to readers, so the following subsections are devoted to the explanation of recycling and waste abatement activities.
Recycling and waste abatement activities
(1) Recycling activities Classification of R-activities is presented in Table 3 . R-activities process a part of industrial and households waste, and supply recycled commodities. Recycled goods are reused as intermediate or final goods, being discriminated from virgin commodities.
(2) waste abatement activities waste abatement activities dispose of waste generated by industries and households.
These activities are classified into two types, namely, S and C-activities. Each industry has its own S-activity, and each S-activity disposes of only waste that is generated by the corresponding industry. C-activity is composed of public and private waste abatement activities and firms, being aggregated into a single sector.
This activity disposes of house hold waste and industrial waste that is neither recycled nor internally abated.
(3) Waste generation, recycling, and abatement The volume of waste generation by industries or households is indicated as a positive fi gure in physical term in the bottom column in the EMAM, while the volume of waste recycled or abated is depicted as a negative value.
Estimation of 1994 Input-Output table of Aichi Prefecture
Only 1994 data of waste generated, recycled, and abated is available for Aichi's economy. Therefore 1990 Input-Output (I-O) table of Aichi Prefecture [1] , which is the currently available I-O table, must be converted into a 1994 table. The conversion is conducted as follows. First, 1994 output, value added, and final demand in each sector are estimated by using statistical data in "1994 Annual Report on Prefectural Accounts, Aichi Prefecture" [2] 
Estimation of Waste Abatement Activities
(1) Volume of waste abated by S-activities The volume of waste abated by each S-activity in 1994 is estimated by referring to "1995 Research Report on Industrial Waste in Aichi Prefecture" [6] .
(2) Estimation of input coefficients in S-activities Input coefficients in S-activities have not been reported in Japan except "1973 Input -Output Table for Analysis of Public Nuisance" [10] . Thus the primary data sources are obtained from this I-O Table 4 where costs with asterisk are estimated from "Research Report on Cost of Waste Disposal," [5] while the others are estimated based on "Guide Book of Industrial Waste Management" [14] . Note that each industry generates several kinds of waste, thus estimation of monetary value of output in each S-activity is conducted summing To keep the output of each industry unchanged , expenditures of each industry on the cor responding S-activity are indicated in a cell in the low direction in the EMAM .
As for C-activity, it is explicitly indicated in the I-O table as waste disposal industry . Therefore elements of its technological low vector in monetary term can straightforwardly be obtained through the RAS iterative process . Then C-activity is moved from industry block into the block of waste abatement activities in the EMAM . As same as in S-activities, expenditures of each industry on C-activity are located in a cell in the row direction so as to keep its output unchanged as well.
Estimation of waste recycling activities
(1) Volume of recycled industrial waste
The volume of industrial recycled waste is estimated by referring to "1995 Research Report on Industrial Waste in Aichi Prefecture" [6] . Here recycled waste is defined as the total of marketable waste and recycled waste after internal and external treatments.
(2) Recycling rate Each type of waste is recycled as several different types of commodities in the actual economy. For example, organic sludge is reused or reproduced as construction material as well as organic fertilizer. Therefore for each type of waste, it must be determined what type of material it can be converted. Recycling rate(s) on each type of waste are estimated as in Table 6 by applying several data sources concerning recycling technology. Table 6 Recycling Rate (in %)
Note: Abbreviations for recycled commodities are indicated in Table 2 . [7] .
(4) Estimation of input coefficients in recycling activities
The technological structure of R-activities has never officially reported in publish ed statistical data sources in Japan without extremely limited exception . In this study, input coefficients in each R-activity are estimated by applying a technological row vector , which seems to be close enough to that in R-activity , in Aichi's and Japan's I-O tables in the most detailed classification. The classifications applied here are 4 digit classification in Aichi's IO , and 6 digit in Japan's I-O. The applied industrial technologies are presented in Table 3 . ( 5) Estimation of monetary value of output in recycling activities Recycled industrial and general wastes are once classified into the recycled mat erials as shown in Table 3 . Then multiplying the weight of each type of recycled material by its unit cost, the monetary value of output in each R-activity is obtained . The unit costs of recycled materials are estimated by several statistical data sources . The prices of recycled commod ities with a single asterisk in Table 7 are estimated from "Research Report on Cost of W aste Disposal" [5] , those with double asterisks are from the physical transaction t able in 1995 Japan's I-O table [9] , and the others are from "Guide Book of Industrial Waste Manage ment" [14] with further related data sources . 
The Model
The proposed model in this study is static one as in our previous papers [11] , [12] . Figure 1 graphically illustrates its nested structure. This section is assigned to explain the structure of the model with the appendix in the end of this paper that describes the full specification of the model. Each S-activity is assumed to abate only waste which is discharged by the associated industry , being managed by its corresponding industry.
(3) C-activity is composed of public and private abatement activities, and disposes of industrial and household wastes that are neither recycled nor internally abated . C-activity is assumed to take firm's behavior.
(4) Recycled commodities are discriminated from virgin goods.
Industries and internal waste abatement activities
Each industry produces its commodities inputting intermediate goods , labor, and capital, while it generates waste in the production process . Waste is recycled by R-activities, disposed by the industry itself employing its associated S-activity , and treated by C-activity. Portions of wastes recycled, internally and externally abated to the total waste generated by Profit maximization in industry's behavior becomes cost minimization given its output, due to linear homogeneity in the production technology.
Note that each intermediate input in each industry is specified as a composite of virgin and recycled goods considerably differing from other studies.
In the appendix, every intermediate input is specified as a composite of virgin and recycled commodities for the sake of general expression. For notational conve nience, virgin and recycled goods are abbreviated by V-and R-goods, respectively, and a composite of V-and R-commodities by V/R-composite hereafter. 
Households
Households share a single CES utility function of the present and future goods. Households choose a bundle of commodities so as to maximize the utility function under a budget condition. Here some consumption commodities are specified as a composite of virgin and recycled goods. Moreover future consumption is financed by household saving. Thus assuming the myopic expectation on the future prices, the household behavior can be specified as shown in the appendix with details [16] .
3.6 The Government, the external sector, and saving/investment balance These sectors are specified as balances of payments, respectively, as depicted in the appendix.
Nominal government consumption expenditures on virgin and recycled commod ities, Pvi• CGi and PRkZGk, current transfers from the government to households, TrGH, current transfers from the government to the external sector, TrGO, are assumed to be proportional to the government total revenue after public expenditures on C-activity, WTC. Then government saving, SG, is defined as the difference between the total revenue and expenditure.
Proportions of virgin and recycled goods in government consumption expendi tures and investment are fixed in nominal term. Exports of each commodity are fixed at a real value, while imports are assumed to be proportional to prefectural domestic demand for each good. Exports and imports are assumed to exclude recycled commodities since this study emphasizes the intraregional material balance. 4 Therefore if some waste disposal program is to be implemented, either of the following conditions must hold to equilibrate the demand and supply of virgin and recycled goods.
(1) Recycling rates must rise when the demand for recycled goods is intended to increase.
(2) Prices of recycled goods must decline when the supply of recycled commodities is intended to increase.
Taking these conditions into account, this section focuses on plastics recycling problem .
Plastics have been very widely used as industrial materials as well as in household consump tion. However, dispose and recycling of plastics is throwing a serious issue to our present society, because of their persistency, variety in property, discharge of poison gas in combus tion treatment, etc. Actually in Aichi prefecture as presented in Figure 3 , the discharge of (1) case 1: business as usual case. (2) case 2: 100% recycling of plastics as material recycling.( 3) case 3: 100% recycling of plastics, but 50% is thermal recycling and the rest is material recycling. In thermal recycling, waste plastics is reused as a substitutive material for petroleum refinery and coal products inputted in iron and steel , and Moreover, government subsidies for plastics recycling are introduced in cases 2 and 3 to equilibrate its market, imposing additional direct taxes on households to make the govern ment balance of payment neutral.
Simulation Results
Simulation results of the three cases are shown in Figures 4 to 9 where variational ratios of cases 1 and 2 relative to the base case are illustrated in %. Monetary values are indicated at constant prices in the base case.
(1) case 1 This case assumes 100% material recycling of plastics, therefore supply of recycled plastics is significantly increased with impact rate of 454.5% as shown in Figure 5 . Looking at industrial activities in Figure 6 , a large reduction in output in virgin plastics industry can be found with impact rate of -0.2% due to, of course, substitution effect of promotion of plastics recycling.
On the other hand, chemical industry shows an increase in output with positive impact rates of 0.14%, since virgin chemical product is a major intermediate input in the plastics recycling activity.
Followed by this economic change, domestic and overseas imports in Figure 7 show a similar manner to industrial outputs, however, their magnitudes are greater than in outputs resulting from impacts on household consumption expenditures and capital investment.
Domestic and overseas exports are assumed to be fixed in real term, thus the increase in the total imports implies an expansion in the external sector's savings leading to an increase in capital investment. This is the reason why construction industry shows a relatively large increase in its output.
Government subsidies on recycling activities considerably depreciate the price of recy cled plastics with impact rate of -82.1% (see Figure 9 ). The depreciation in the price of recycled plastics in turn lowers prices of most virgin commodities as shown in Figure 8 with Thus with an increase in direct tax revenues, which is imposed on households to offset the additional subsidies, government consumption expenditures and savings show a slight increase.
For households, additional direct tax is estimated as 20.4 billion yen (0.33%), but household consumption expenditures do not show a large decrease with impact rate of only -0.06% due to income effect of the price fall. Yet decreases in household consumption and saving result in welfare loss of -8.9 billion yen in the equivalent variation as Figure 4 depicts.
(2) case 2 Case 2 also assumes the perfect recycling of plastics, but 50% is recycled as fuel and deoxidizer.
Similar to case 1, the production of recycled plastics is increased by 454.6% as well. But its general equilibrium effect on industrial activities significantly differs from case 1. That is, thermal recycling of waste plastics reduces virgin petroleum refinery and coal products by 0.22% due to substitution effect of a fall in the price of recycled plastics as fuel, while virgin plastics show a slight increase in its output.
Basically 50% material recycling of waste plastics could reduce the production of virgin plastics, but the general equilibrium effect on machinery industries, into which a large amount of plastics is inputted as parts or raw materials, expand their outputs, enhancing in turn derived demand for virgin plastics.
Impacts on other industrial sectors are similar to those in case 1.
Government subsidies on recycling activities depreciate the price of recycled plastics like in case 1 with impact rate of -82.2% (see Figure 9 ). The depreciation in the price of recycled plastics further lowers prices of most virgin commodities as shown in Figure 8 , particularly the price of electric power with decreasing rate of 0.24%. The burden on government budget by additional subsidies is calculated as 19.4 billion yen (0.84%, see Figure 4 ), but expenditures on C-activity are reduced by 7.1 billion yen (11%) with a decrease in waste to be externally abated. This together with additional direct tax revenues results in a slight growth in government consumption expenditures and savings. Household additional direct tax is estimated as 20.4 billion yen (0.33%.) As in case 1, household consumption expenditures do not largely decrease as well, but its magnitude is slightly greater than in case 1 since the price index of composite consumption is a little higher than in case 1. This leads to a greater welfare loss than in case 1 as the equivalent variation shows -9.9 billion yen.
Concluding Remarks
This study has emphasized the estimation of the economic and material accounting matrix of 1994 Aichi's economy, which was little referred in our previous studies . Following the estimation of EMAM, a computable general equilibrium analysis has been presented to examine the economic impacts of plastics recycling. Even in Japan, data collection is very difficult in waste studies.
Thus the authors are convinced that the estimation method of the equilibrium data set described in detail in this article could greatly contribute to the future studies in this field by other researchers as well as the authors themselves . Moreover the general equilibrium effects of plastics recycling examined here have never been reported in the literature.
On the other hand, the actual waste problem has been throwing us various difficulties including recyclability of specific materials, complexity of physical distribution system of waste recycling, and recyclability of materials already accumulated in our society for long time. These are our new targets in the future studies.
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